2
(0.5 M sucrose, 10% [v/v] glycerol) and were re-suspended in about 1/300 of the original culture volume of ice-cold buffered sucrose (7 mM potassium phosphate buffer containing 0.5 M sucrose and 1 mM MgCl 2 , pH 7.4). Electroporation was conducted using Gene Pulser (Bio-Rad laboratories, Hercules, CA, USA) with settings of 12 kV/cm, 25 µF, and 200 Ω.
After an electric pulse, the cells were cultured anaerobically in 1/2 MRSCS supplemented with 0.5 M sucrose for 3 h at 30°C and spread onto 1/2 MRSCS agar. Usually high-frequency competent cells (approx. 1×10
5 CFU Sp-resistant transformants per µg of pKKT427 plasmid DNA (2)) was used for target gene disruption analysis.
Targeted gene disruption and complementation analysis. The schematic representation of genomic structure of Bifidobacterium bifidum ATCC 15696 siaBb2 gene (GenBank:
LC228603), the targeting vector, and the resultant mutant generated by homologous recombination was indicated in Fig. S1A . The N-terminal 0.65-kbp region of SiaBb2 gene was amplified by PCR using Tks Gflex DNA Polymerase (Takara Shuzo, Shiga, Japan) using genomic DNA as a template and the primer pairs KN149/KN150 (Table S1 ). The amplified fragment was ligated into the HindIII fragment of pBS423-ΔrepA (pTB4 ori ΔrepA Sp R ) (2) to generate a suicide plasmid, designated as pBS423-ΔrepA::siaBb2-N. The resulting plasmid was introduced into B. bifidum ATCC 15696 by electroporation. Selection was performed on 1/2MRSCS agar plates containing 75 µg/mL spectinomycin (Sp) at 37°C. As a second selection, Sp-resistant colonies were evaluated for sialidase activity using 2'-(4-methylumbelliferyl)-α-D-N-acetylneuraminic acid (4-MU-Neu5Ac, refer to "Sialidase activity assay"). An Sp-resistant and enzyme-inactive colony was selected, and a single cross-over event at the siaBb2 locus was confirmed by southern hybridization analysis ( Fig.   S1- Table S1 . The amplified fragments were inserted into pET28b (Novagen, Madison, WI, USA) at indicated restriction sites (Table S1) , then designated as pET28b::siaBb1, pET28b::siaBb2, and pET28b::sia, respectively ( Fig.   3A-2) . To eliminate the sialidase domain, inverse PCR using primers KN325/326 followed by blunt-end ligation was conducted using pET28b::siaBb2 (Table S1) , which was then designated as pET28b::Δsia. All resulting plasmids were confirmed by sequencing, and all plasmid DNA was introduced into E. coli BL21 (DE3). Gene expression analysis. Nucleotide sequences of siaBb2 gene from B. bifidum ATCC 15696 were used to design specific primers for real-time reverse transcription PCR (qRT-PCR) using primer-BLAST at NCBI (siaBb2 primers: KNq392 and KNq393; Table S1 ).
For relative quantification, uvrD-rep was used (6) ( Table S1 ). B. bifidum ATCC 15696 was grown in mMRSCS medium supplemented with either 1% HMO, or 1% PMO, and cultures were sampled at the early exponential phase (HMO: 12-h culture, PMO: 24-h culture, respectively). Samples were immediately pelleted, and treated with RNAprotect Bacteria Reagent (Qiagen, Hilden, Germany). RNA extraction and cDNA conversion were performed
